Low productivity of food crops on marginal dry lands of South Malang, East Java occurs due to low levels of soil fertility in the region due to low soil organic matter content and low content of available P. The purpose of this study was to evaluate the effect of the combination of biochar and plant litter on chemical properties of a degraded soil of South Malang, and P uptake by maize. The treatments tested in this study was a combination of types of biochar (sugarcane litter biochar and maize litter biochar), and the type of fresh litter (sugarcane and maize). Biochar doses applied were 0, 20 and 40 t biochar / ha, whereas the doses of fresh litters applied were 0, 40, and 80 t litter / ha. Three maize seed of BISI 2 variety was grown in each pot (treatment) for 49 days. Nine treatments were arranged in a completely randomized design with three replications. The results showed that application of litter and biochar tended to lower pH, CEC, exchangeable Ca, and total P the soil studied. The interaction of litter and biochar did not significantly increase P availability in the soil. However, application of litter and biochar also increased P uptake by maize. The best treatment for maximum increase of P availability and uptake of P was application 80 t sugarcane fresh litter / ha and 40 t maize litter biochar / ha.
Introduction
Critical lands in the Brantas river basin that are scattered in Malang, Blitar, Tulungagung, Kediri, Jombang, Nganjuk, Mojokerto and Pasuruan, cover162 819 hectares or 12.48% of the total area of degraded land in East Java. In the critical dry land are in Malang, maize, sweet potatoes, and cassava are widely cultivated crops, despite the low production. This occurs due to low levels of soil fertility in the region due to low soil organic matter content (less than 1%), and low content of available P. Improvement of soil fertility can actually be done by addition of inorganic fertilizers into the soil. However, the limitations of socio-economic conditions of local communities make them less able to buy inorganic fertilizers. Improvement of soil fertility in the region can also be done by adding organic matter, either in the form of commercial compost, manure and crop residues. It is known that organic material has two main functions, namely the direct supply of nutrients through the decomposition process, and indirectly increase the levels of soil organic matter that can improve soil physical properties and regulate the supply of nutrients at a later date (Handayanto et al., 1994 ) . However, the type of organic material that is popular in the community, such as crop residues, its availability is very limited and must compete for animal feed. Moreover, the addition of plant litter continuously to maintain soil fertility can increase the amount of carbon emissions into the atmosphere because of the decomposition of organic material (Widowati et al., 2011) . Therefore, it required an effort to reduce carbon emissions due to the decomposition of organic matter and at the same time maintaining soil fertility.
One alternative is to combine organic materials with biochar. Widowati et al. (2012) reported that the use of biochar from manure and litter increased rice production and reduced the need for N fertilizer. Sukartono et al. (2012) stated that the soil treated with biochar showed consistently C content increase and was more stable than the soil that was not treated with the addition of biochar. Yamato et al. (2006) revealed that biochar can lead to changes in physical and chemical properties of the soil that resulted in the increased nutrient availability in the soil and increase plant root colonization by mycorrhizal fungi. According to Lehmann et al. (2003) , biochar addition can improve plant productivity directly because of its nutrient content and release characteristics, or indirectly, through improved nutrient retention. However, due to the nutrient content in biochar is low (Lehman, 2007) , the improvement of soil fertility using biochar needs to be accelerated by adding fresh organic material (not biochar).
The purpose of this study was to evaluate the effect of the combination of biochar and plant litter on chemical properties of a degraded soil of South Malang, and P uptake by maize.
Materials and Methods
Biochars used in this study were made from sugar cane and maize crop residues obtained from the Bululawang District of Malang. Air-dry crop residues were incorporated into the pyrolysis reactor at a temperature of 120 0 C for 18-24 hours. Results of biochar chemical composition analysis were as follows: maize biochar: pH 9.35, available P 0.35 mg / kg, sugarcane biochar: pH 9.30, available P 0.30 mg / kg. Biochar and the maize and sugar cane litters that had been oven dried (60°C for 72 hours), were ground to pass through a 2 mm sieve.
The treatments tested in this study were combinations of types of biochar (sugar cane litter biochar and maize litter biochar), and the type of fresh litter (sugarcane and maize litters). Biochar doses applied were 0, 20 and 40 t biochar / ha, whereas the doses of organic matter (fresh litter) applied were 0, 40, and 80 t of litter / ha (Table 1) . Each combination of biochar and fresh litter was then added into 5 kg of air-dried topsoil air and placed in a plastic pot. Determination of biochar dose referred to the study of Zhang et al. (2011) while the litter dose determination referred to the study of Rachman et al. (2008) .
Soil used for this study was an Alfisol collected from the Bululawang District of Malang Regency. The soil has the following characteristics: pH 7.14, available P 4.31 mg / kg, Ca 20.60 cmol / kg, CEC 10.71 cmol / kg, P total 384.45 mg / kg, 31.87% base saturation. After incubation for seven days, three maize seeds of BISI 2 variety were planted in each plot and grown for 49 days. Nine treatments were arranged in a completely randomized design with three replications. During growth, the water supplied periodically to ensure that the growth of maize was not limited by the availability of water. At the age of 7, 14, 28, 35, 42, and 49 days, measurements were made for soil chemical properties (pH, CEC, exchangeable Ca, available P, total P, and C organic, and plant growth (plant height). Plant dry weight and P uptake was measured at the age of 49 days. The data obtained were analyzed using Anova and the F test (P <5%) followed by LSD test. 
Results and Discussion

Soil pH
The results showed a decrease in the pH of the soil due to biochar (B) and fresh litter (A) treatments. The highest pH values of all treatments occurred at the beginning of 7 days after planting then the pH decreased during the period of 35 and 42 days after planting. The soil pH increased again after a period of 42 days (Table 2 ). In the treatment without fresh litter (A0), the highest pH was observed in the period of 35 days after planting with the addition of 40 t maize litter biochar / ha (treatment A0B2). Application of 40 t sugarcane fresh litter / ha without biochar (treatment A1B0) and application of 40 t maize litter biochar / ha without fresh litter (treatment A0B2) generated the lowest pH at 35 days. Application of 80 t maize fresh litter / ha of maize plant litter without biochar (treatment A2B0) generated the lowest pH in the period 42 days. Furthermore, treatment A0 with added biochar (A0B2) and treatment A1 without biochar (A1B0) reduced greater soil pH than the A0B0 and A1B2 treatments, while the addition of fresh litter dose (A2) with B1 and B2 generated the same pattern of decrease in pH of the A2B0. The pH decline observed for A2 treatment was similar to that observed for B0, B1, and B2 treatments. This might be due to the decomposition of litter that produced volatile organic compounds, while organic compounds of biochar were stable. Based on the analysis of variance, application of fresh litter decreased the pH in the periods of 35 to 49 days after planting. Application of biochar in the periods of 14, 21 and 49 days after planting also significantly decreased the soil pH. There was no significant interaction effect of the treatments on the pH decrease. Remarks: The number followed by the letter and the same column are not significantly different at the 1% level LSD
Results of further statistical test indicated that application of 80 t maize fresh litter / ha (A2) decreased the soil pH by 6.23% at 42 days whish was greater that at 35 days (3.26%) and that at 49 days after planting (5.04%). Application of 40 t maize litter biochar / ha (B2) yielded a pH of the third lowest in the observation period, but it did not differ between treatments (Table 2) . This was probably caused by the content of CaCO 3 in calcareous soil that produced hydrolyzed carbonic acid and the release of negatively charged hydroxyl groups. According to Cheng et al. (2006) , abiotic oxidation reaction occurs more frequently than biotic oxidation at the beginning of the period of biochar that creates a negative charge. Another factor that generated the pH decrease might be the temperature used in the pyrolysis process. Novak et al. (2009) stated that the pyrolysis process at a temperature of 500 0 C has a surface area, pH, and ash content that are greater than the pyrolysis temperature of 250 0 C. Raw materials and pyrolysis temperature levels can produce differences in physical form as well as the chemical structure of biochar. Biochar contribute to nutrient uptake through the exchange or covalent interactions in the surface area of biochar (Verheijen et al., 2010) . Thermo chemical processes in the pyrolysis produce solid material (charcoal), gas, liquid or oil. In addition, pyrolysis affects the physical, chemical and biological properties of biochar. According to Steiner et al. (2007) , the decrease in pH associated with the addition of biochar is caused by a decrease in the concentration of alkali metal oxides (e.g., Ca 2+ , Mg 2+ and K + ). Steiner (2007) also stated that that increasing pyrolysis temperature of about 525 0 C could add surface area (1.8 to 56 m 2 /g); CEC decrease (from 16.2 to 5.2 cmol / kg).
The linkage between the temperatures of the resulting biochar products will affect the reduction of P adsorbed by Ca due to increased acid group. The higher the acid groups, the lesser is the amount P anion adsorbed by Ca. Soil organic C content can affect soil pH. The decline in soil organic C content is followed by a decrease in soil pH. Soil organic carbon as a constituent of organic compounds acts as chelating agent. The organic compounds with high molecular weight will compete to bind bases thus affecting solute concentration in the soil.
Soil cation exchange capacity
Application of biochar and fresh litter tended to lower the soil CEC (Table 3) . CEC value was low at 32 and 42 days after planting. Treatment without fresh litter and the addition of 20 t sugarcane litter biochar / ha of (treatment A0B1) produced the lowest CEC on 35 days. Application of 40 t sugarcane fresh litter / ha and 40 t maize litter biochar / ha (A1B2 treatment) and application of 20 t sugarcane litter biochar / ha without fresh litter (A0B1 treatment) resulted in the lowest CEC at 42 days. The addition of 80 t maize fresh litter / ha without biochar (A2B0 treatment) resulted in the lowest CEC.
The CEC value showed a decrease by 25% of the CEC control. Interaction of biochar and fresh litter significantly affected the decline soil CEC. The decline of CEC due to the effect of litter occurred in the period of 35 days after planting. Interaction effect was also seen in 35 and 42 days after planting. Results further statistical tests on the effect of fresh litter showed that application of 80 t maize fresh litter /ha without biochar (A2B0 treatment) resulted in the highest decrease of CEC at 35 days that was significantly different from A1B0 treatment and control. The test results also indicated that A1B1 treatment had the lowest CEC at 35 days that was different with A0B0; A0B1; A0B2; A1B0; A1B2; A2B1; A2B2, A2B0 treatments but it was not different with them at 49 days. The A1B2 treatment resulted in the lowest CEC and different with A0B0; A0B1; A02; A1B1; A2B1 and A2B2 treatment, but it was not different with A1B0 and A2B0 treatments (Table 3) . Increasing doses of fresh litter also affected soil CEC. Application of 40 t maize fresh litter / ha (A1B1 treatment) to 80 t maize litter biochar / ha (A1B2 treatment) resulted in the lowest CEC. This happened because the release of organic compounds in which there are elements of C and H that may affect the cation exchange capacity of the negative charge due to the addition of new functions such as Ca 2+ adsorb bases. 
Soil exchangeable Ca
Data presented in Table 4 show that application of fresh litter and biochar reduced the solubility of Ca. The A0B2 (40 t maize litter biochar / ha with no biochar), A1B2 (40 t sugarcane fresh litter / ha and 40 t maize litter biochar / ha), and A2B2 (40 t maize fresh litter / ha and 40 maize lilted biochar / ha) treatments resulted in a low Ca solubility at 49 days ( Table 4 ). Results of analysis of variance showed that the litter significantly reduced the solubility of Ca soil at 49 days after planting, while the interaction did not affect the decrease in solubility of Ca. Further statistical tests of the of litter treatments indicated that highest dissolution of exchangeable Ca was due to the application of 80 t maize fresh litter / ha of liter maize, but this was not significantly different with A1 treatment. The same results were also observed for biochar treatment at 35 to 49 days. The amount of exchangeable Ca of treatment B1 (40 t sugarcane litter biochar / ha) was not significantly different with that of B2 and B0 treatments (Table 4 ). This seemed likely to be due to the influence of the initial decomposition and the presence of organic compounds and products of litter biochar. Early stages of litter decomposition produces small amount organic compounds and oxidation reactions that only occur at the outer surface of the biochar negative charge (OH group) bind Ca cation produced. Remarks: The numbers in the column followed by the same letter are not significantly different at the 1% level LSD
Soil total P
Litter and biochar treatments reduced the total P content ( Table 5 ). The A0B2 (40 t maize litter biochar/ ha with biochar) and A1B0 (40 t sugarcane fresh litter / ha without biochar) treatments yielded the lowest total P at 35 days after planting. Application of 80 t maize fresh litter / ha of (A2) without litter resulted in the higher decrease of P total than that of B1 and B2 treatments (Table 5 ). This was because the releasing compounds or single element of decomposition was more volatile and there was no competition with biochar nutrient sorption.
Applications of litter and the interaction between litter and biochar very significantly reduced the total P content. Litter treatment lowered the total soil P at 14, 35 and 42 days after planting, while the interaction effect occurred at 14 and 35 days (Table 5 ). Based on further statistical test, application of 80 t maize litter / ha (A2) yielded the lowest total P at 35 days which was significantly different from the A1 and control treatments. At 14 and 42 days, the total P content was similar between treatments. Remarks: The numbers in the column followed by the same letter are not significantly different at the 1% level LSD Interaction effect between 80 t maize litter / ha and 20 t sugarcane biochar/ ha (A2B1 treatment) yield P total that was significantly higher than that of A0B0, A1B0, A1B1, A1B2 and A2B2 treatments; but it was not different from other treatments. At 35 days, application of 80 t maize litter/ ha without biochar (A2B0 treatment) resulted in significantly higher P total that that of A0B0, A0B1, A0B2, A1B0, A2B1, A2B2 treatments (Table 5) .
Soil available P
In general, application of litter and biochar increased the content of P available. The data presented in Table 6 show that at 42 days, application of 20 t sugarcane biochar / ha without litter resulted in a higher P availability than of B2 treatment. Application of 40 t sugarcane leaf litter / ha with 20 t sugarcane biochar / ha (A1B1 treatment) and application of 80 t maize litter / ha of maize plant litter with and 20 t sugarcane leaf biochar / ha (A2B1 treatment) resulted in the high available P content. The A2, B1 and B3 treatments added boosted P available with the same results in each period of growth. This was probably due to differences in the type of raw material in the litter and biochar used for this study. Application of litter type of treatments was more quickly producing nutrients that affected P available at any given period of growth despite the addition of biochar with different doses and types. Burning of crop residues or waste transportation can reduce the availability of P in the soil. But on the contrary, if the waste is returned to agricultural land in the form of litter can increase the availability of P. Based on the data presented in Table 6 it can be seen that the treatments of litter and biochar very significantly increased availability of P. The effect of litter began to occur in 21 to 49 days whereas the effect of biochar occurred in 14 days. There was no interaction effect of litter and biochar application in increasing the availability of P (Table 6 ). This was probably caused by the reaction of the competition and thus P turned back into the organic P or experiencing immobilization. Remarks: The numbers in the column followed by the same letter are not significantly different at the 1% level LSD Results of further statistical tests showed that the average P provided the highest litter treatment during the period of 42 days resulting from the different treatment A2 with other treatments (an increase of 67.16% available P). At 21, 28, and 35 days there was no significant difference in the P available between treatments. The B2 and B1 treatments produced the highest available P at 21 and 28 days; but there was no significant different between treatments. Litter treatment had higher available P and P supply period longer than biochar treatment during the study. This was probably due to the faster P supply process because the decomposition process is unstable unless humus, while biochar produced from thermo chemical processes is stable so that the release of elements requires a long period.
Phosphate derived from primary and secondary minerals as well as organic materials that undergo mineralization and decomposition. The physical processes change the shape and chemical reactivity differences. According to Zhao et al. (2014) , low-level release of P is due to a change of the form of organic material into biochar so as elements of P in a stable form (Ca, Mg) 3 (PO 4 -) 2 . Organic material decomposition and biochar will produce a new compound that serves the functional groups also play a role in the binding of Ca in calcareous soils
Soil organic C
The litter (A) and biochar (B) treatments increased organic C content of the calcareous soil studied (Table 7) . A 28 days, application of 40 t maize biochar / ha (B2) without litter (A0), and application of 40 t sugarcane litter / ha (A1) with 40 t maize biochar / ha of (B2) resulted in the highest soil organic C. For the treatment of 80 t maize litter/ ha (A2) without biochar (A2B0 treatment) produced the highest organic C in the period of 42 days after planting. When observing the highest rates, the A2B0 treatment had higher organic C than that of A1B2 and A0B2 treatments (Table 7) . Based on the analysis of variance, litter treatment very significantly increased soil organic C at 35 and 49 days after planting, while the biochar treatment and interaction did not affect the increase of organic C. This was probably due to organic C compounds or elements resulting from the decomposition of litter to be released into the soil, while the carbon in biochar is stable so it is difficult to unravel the ordinary chemical reactions. Based on results of further statistical test, application of 80 t maize litter / ha (A2) resulted in the soil organic C content at 42 days that was significantly different to the A1 and A0 (control) treatments. Biochar application and interaction showed no difference. Application of maize fresh litter increased soil organic C content by 16.85% compared to the control (Table 7) . Organic matter affects soil organic C content through decomposition of its functional group composed of C, H and O compounds such as lignin, protein, resin, fulvic acid, humic acid, malic acid, oxalic acid, H 2 O and others, while the product carbon derived from the biochar carbon is stable. Compounds and decomposition products of pyrolysis may affect the availability of P organic acids. Decomposition products will affect the P sorption in calcareous soil particle surfaces. Oxalic acid can reduce the level of fixation P (Anonymous, 2012) . The numbers in the column followed by the same letter are not significantly different at the 1% level LSD P uptake by maize P uptake by maize increased with the increasing application of litter and biochar during the period of growth. Data presented in Figure 1 show that the highest P uptake occurred in the application of 80 t maize litter / ha of coupled with 40 t maize litter biochar / ha at 42 and 49 days. The decrease of P uptake from 42 to 49 days in almost all treatments might indicate the decrease of soil available P due to P uptake before 42 days. Results of analysis of variance showed that litter and biochar treatments significantly increased P uptake, whereas the combination of litter and biochar did not significantly increase the P uptake. When the values of maize dry matter and P uptake by maize at 49 days of all treatments were compared to those of the control treatment (A0B0), it can be seen that except for the A0B1 and A0B2 treatments, application of biochar and litter increased maize dry weight that ranged from 19% (A0B2 treatment) to 49% (A2B2 treatment), and increased P uptake by maize that ranged from 71% (A1B2) to 198% (A2B2) (Figure 2 ). According to DeLuca et al. (2009) , biochar increases the availability of P in alkaline soil due to increased reactivity of P with soil and form insoluble compounds with Ca. The negative charge is contained in biochar will bind Ca. Results presented in Figure 2 also indicate that maize dry weight and P uptake by maize decreased when during the growth the maize was not supplied with fresh litter, even biochars were supplied. Plants absorb nutrients in the soil near the plant root zone. The form of available P is quickly absorbed by the plant roots and the amount of P absorbed by the roots depends on availability of P in the soil. The amount of nutrients absorbed depends on the availability of elements in the soil. Plants absorb nutrients P in concentrations less than other essential nutrients. Forms of inorganic P are very easy to react with soil particles or other elements. Availability of P also involves the process of mineralization and immobilization by soil microorganisms such as bacteria or fungi help phosphate solvent and of the activity of plant itself. Mau and Utami (2014) reported that combined biochar and mycorrhizal increased the availability and uptake of P in the plant at 8 weeks after planting. Organic phosphorus mineralization process will release orthophosphate into the soil solution, followed by a decrease of calcium phosphate in alkaline soil (Mullen, 1998) . The absorption of nutrients by plants involves the roots through the process of diffusion, interception roots and microorganisms. The presence of fungal hyphae that have threads that infects the roots of the plants forms symbiotic mutualism. Fibers play a role in absorbing roots of P in the soil solution, and then bring to the leaves through the xylem ion. The mechanism of absorption of P by plants divided by the capacity of the root absorbing element, the diffusion of nutrients, as well as the displacement of the element and into the soil solution. Orthophosphate thought to be absorbed through the root cells containing threads hyphae (Sieverding, 1991) . Factors that may also affect the uptake P is the presence of other anions. Anions such as silicates, carbonates, sulfates, arsenic and molybdate compete with phosphate anion exchange conditions (Anonymous, 2012) . Figure 1 . P uptake by maize due to application of biochar and fresh litter. *) see Table 1 Figure 2. Percent change of maize dry weight and P uptake by maize due to application of biochar and fresh litter. *) see Table 1 Maize growth
In general, the results showed that there was a high increase plant height due to the litter and biochar treatments. Application of 20 t sugarcane biochar / ha without litter (A0B1 treatment) produced the highest plant in the period 49 days after planting. The provision of 40 t sugarcane leaf litter / ha and 80 t maize fresh litter / ha without biochar (A1B2 treatment) produced Maize dry matter P uptake by maize highest crop yield in the period 49 days after planting. A similar result was also observed for the provision of 80 t maize litter / ha) and 20 t sugarcane biochar / ha (A2B1 treatment) ( Table  9 ). The results of analysis of variance showed that the application of litter, biochar and their interaction very significantly affected the increase in plant height. Results of further statistical test indicated that the provision of 40 t sugarcane litter / ha without biochar (A1B0 treatment) resulted the highest plant in the period of 42 days after planting. Remarks: The numbers in the column followed by the same letter are not significantly different at the 1% level LSD
The provision of 20 t sugarcane biochar / ha (A1) with 20 t / ha sugarcane litter (B1) also increased plant height. The highest plant was observed from the A1BO treatment (Table 9 ). Plant vegetative phase requires the availability of P to perform the formation of new tissue, cell division, the development of new roots and others, while the generative phase function for the manufacture of organs for breeding crops such as flowers and fruit formation and ripening seeds. Availability of organic matter in the soil is important so that the supply or availability of P is maintained at all times. In line with the results of this study, Minardi et al. (2007) showed the same results that the increased uptake and plant growth was caused by the use of organic material that served to release the adsorbed P to increase the availability of P.
Each type of plant has the ability to move and distribute nutrients to the tissues of plants through the roots. Plant roots are also known to produce root exudates. Tilman et al. (2014) indicated that plants change P element by releasing phosphoric acid, proton, and or carboxylic acid around rhizosphere to increase dissolved P in the soil. This means that root exudates and displacement of the material also serve to increase the availability of nutrients. Carvalhais et al. (2011) argued that the release of most compounds in the forms of amino acids, sugars and organic acids is the efforts of plant to overcome nutrient deficiencies. Plant height is related with P uptake by plant roots, the longer the period of growth the greeter is amount of P needed. Nevertheless, it also needs to be remembered, that the amount of P absorbed is not directly proportional to availability. When related with the availability of P, then the plants only absorbed 0.99 mg P / kg of the ability of plants to absorb P of 20%. In this study, however, availability of P increased from very low category (2.44 mg / kg) to low (7.43 mg / kg).
Conclusion
Application of litter and biochar tended to lower pH, CEC, exchangeable Ca, and total P the soil studied. The interaction of litter and biochar did not significantly increase P availability in the soil. However, application of litter and biochar also increased P uptake by maize. The best treatment for maximum increase of P availability and uptake of P was application 80 t sugarcane fresh litter / ha and 40 t maize litter biochar / ha
